INTRODUCTION
Over the last several years, there has been a growing trend in the pipeline industry toward larger rated (horsepower) plants. The author's company has recently introduced a new line of gas turbines, available in power ranges of 15,000 to 32,000 hp, which we believe is fully responsive to the needs of this rapidly expanding industry.
These new units, designated the MS-5002, are an extension of a well-established product line of gas turbines which for years have served the pipeline, electric :ility, process, and marine industries. From the_Lr inception, these power plants have been designed and built as heavy-duty gas turbines, in contrast to other units derived from aircraft power plants.
BASIC DESIGN PHILOSOPHY
The objectives of our designs have always been the ability to operate at their continuous ratings with long life, reliability, and low maintenance. The characteristics required of a pipeline gas turbine are basically the same as those for any industrial unit. Reliability and long life are of prime importance. The unit must operate for long periods of time at its rating without unscheduled shutdowns. The pipeline operator wants the maximum output for his dollar, with reasonable weights; the maintenance and overhaul required by all machinery must be accomplished quickly, easily, and at minimum cost; and the gas turbine must burn pipeline gas or low-cost liquid fuels.
That these objectives have been met is evidenced by the 1500 and more applications of General Electric heavy-duty gas turbines-in locomotives, pipeline pumping, petrochemical plants, and industrial and utility power generation. Operation in all these applications requires those characteristics, and the gas turbines have been outstandingly successful in meeting the requirements.
In order to achieve these results, we have developed a design philosophy that might be sum-2 marized as follows:
1 The design of all components shall be basically conservative, and progress and improvements shall be made in an orderly, step-by-step fashion.
2 All components shall be designed with low stress levels to achieve a design life on all major components of 100,000 hr.
3 The design shall provide for ease of maintenance and repair.
4 The design shall, at any point of the state-of-the-art, give the maximum output per unit cost, consistent with the objectives of reliability and long life.
5 All power plants shall be supplied with a completely integrated control system. The control system, known as "Speedtronic," 1 includes all the sequential functions for start-up and shutdown, the governing functions, and the protective functions.
6 All bearings shall be of the sleeve type such that replacement during normal life is not anticipated.
With a consistent design philosophy such as this, all our units--from those rated at 3500 hp to those rated at 60,000 hp-have many features in common, and they differ primarily in dimensions and corresponding airflows.
TURBINE DESIGN FEATURES
The basic design of the Model Series 5002, Figs. 1(a) and 1(b), incorporates a number of features, most of which have previously been used alone or in some combination in other models, but a few of which are new and unique with these units. Together they represent an advance in the start-of-the-art.
The Model Series 5002 is available in two basic designs, i.e., A and B. Design A utilizes a 15-stage axial flow compressor with a flow of The basic compressor designs are tried and proved. Even the high-flow version has had a complete full-scale test at General Electricts Large Fan Test Facility in Lynn, Massachusetts, so its characteristics are known.
The combustion systems are designed to provide a compact arrangement and save space without a major increase in combustor loadings. Tests have been run to obtain cap, hole, and louver patterns that give an optimum combination of combustor characteristics. The two models use the sale size liner, and these liners give very good results on gas, distillate, or heavy fuels. Air atomizing fuel nozzles, with a shaft-driven atomizing air compressor, are used for distillate, crude, and residual fuels.
The first-stage turbine nozzles are precision cast in segments of three partitions, a series of segments making a complete nozzle. The material, known as FSX-414, is a modification of an older alloy, X-40. These alloys have been used for a number of years and have been outstandingly successful in their corrosion resistance and long life with minimum thermal cracking. The nozzles
are air cooled, compressor discharge air having access to the interior of the hollow partitions where it flows between a filler piece and the partition wall. It is then bled into the main gas stream through a series of holes in the concave side near the trailing edge to give additional trailing-edge cooling. This arrangement is shown in Figs. 3 and 4 .
The second-stage nozzles are our normal variable-area design. The precision-cast nozzle partitions have stems that extend radially through holes in the turbine shell and are linked together so that all move simultaneously to change the throat area. No cooling is used on the nozzle stems, the bushings and hard surfacing on the stems being compatible for slow motion at the operating temperatures involved. The variable area second-stage nozzles, on regenerative cycle machines, are used to maintain a maximum exhaust temperature which yields favorable part-load operation heat rates. Furthermore, the variable area nozzle and the two shaft features provide wide speed rangeability not available with single-shaft machines.
The interstage passage between the first and second stages is designed to give the best practical diffusion of the velocity leaving the firststage bucket and improve overall turbine efficiency. The diaphragm, which is a dished head set in a split ring, is supported by radial pins from the turbine shell. The diffuser sidewalls are also located by these pins and supported by the diaphragm ring and the first-stage bucket and secondstage nozzle shrouds. This construction reduces the thermal stresses in the diaphragm and provides accurate location of the diffuser.
Both the low-and high-pressure turbine buckets are precision castings with long shanks to separate the hot gas path from the dovetail that attaches the bucket to the wheel. This provides a high-temperature drop between the vane section and the dovetail, and it provides greater load carrying in the dovetail because of the lower temperature. The long shanks are provided with covers on each side that prevent crossflow through this area and provide damping in the bucket assembly, so that the tie pins or tie wires to control vibration are not necessary in the first stage. The second-stage buckets have tip shrouds, cast integrally with the vane section, that interlock and control vibration of the second stage. Tip shrouds have also been a significant factor in our efforts to maximize turbine efficiency. This feature would not be practical without precisioncasting techniques. The first-stage buckets also have hollow vane sections to control the vane stress and still enable a good aerodynamic tip section to be used. Typical long-shank buckets are shown in Figs. 4 and 5.
The exhaust hood and diffuser are much im- First-stage nozzle, cross section proved over earlier models. Not only has an increase in annulus area reduced the exit loss, but the improved diffuser secures a greater recovery for a considerable net improvement in performance.
The hood structure has also been improved, and the struts through the gas path are now cooled by cooling air that enters the strut area after cooling the turbine shell. The aft support for the turbine is provided by a flexible plate attached to the No. 4 bearing housing.
CYCLE CONFIGURATIONS
Both the A & B machines are available as simple cycle, Fig. 7 , and as regenerative cycle units as shown in Fig. 8 . Regeneration has the effect of increasing the thermal efficiency by approximately 20 percent while maintaining nearly the same power.
In addition, these machines possess a unique "convertibility" feature which permits conversion economic factors for the installation. For the regenerative cycle, it can be shown that the additional first costs, i.e., regenerator, piping, and installation costs, rate of return in investment, installation, can be justified when a turbine is amortization period, etc. intended for more than 4000 hr per year of operaShown in Fig. 9 are the economics of simpletion. The economic evaluations frequently suggest cycle and regenerative cycle gas turbine installathat these added first costs can be paid out over tions. This relationship explains why many of our a short period by the fuel savings.
continuous duty pipeline machines are regenerative Many times we construct a plot, as shown in cycle while the overwhelming majority of our Elec- Fig. 9 , for a particular pipeline installation.
tric Utility peaking service units are simple The information needed includes building costs, cycle. Fig.9 Regenerative cycle versus simple cycle economics
HOURS OF OPERATION PER YEAR
Another factor which frequently effects the decision to use a regenerative cycle or a simple cycle is if there exists a need for exhaust heat. Generally speaking, the simple gas turbine has the capability of providing twice the exhaust energy of the regenerative cycle machine. If there exists a need or a market for exhaust energy, frequently it is more attractive to use exhaust heat-recovery equipment to reclaim this energy rather than a regenerator. The operator has both these options open to him with the MS-5002 gas turbine.
TYPICAL PIPELINE INSTALLATION
During the early phase of the MS-5002 Project, we considered many different plant arrangements. Due to our requirements of keeping all packages such that they are readily rail transportable on standard equipment, we had to go to a two-piece base. This arrangement is shown in Fig.  1 . The forward or accessory base includes the lube oil system accessory drive gear fuel system and instrumentation. The turbine base supports the turbine, including the inlet and exhaust plenums piping, etc. The two bases are connected and operated as a single unit during our factory test.
On the assumption that most of the pipeline installations are such that a regenerative cycle gas turbine is indicated, only that cycle will be considered here. Fig. 10 gives a plan view of a new pipeline station with a capability of 31,050 hp based on IS02 rating conditions. The building to house the necessary equipment is 82 ft long by 45 ft wide having a minimum crane hook height requirement of only 23 ft. This arrangement was selected after a rather lengthy Fig.10 Plan view of a typical pipeline station study, which indicated that for our MS-5002 machine, the optimum configuration was to use split side-mounted regenerators.
Other arrangements that were considered included overhead mounting and one side mounted. The overhead arrangement was rejected since, in our opinion, the regenerator "shadow" was such that maintainability of the gas turbine-compressor system was adversely effected. Furthermore, it did not appear to offer any economic advantages over the arrangement that was finally selected since the costs of structural steel work and the added piping costs more than offset the cost of the second stack.
Another arrangement considered at some length was the side mounted, i.e., having regenerators on one side only. This arrangement was found to be the most costly since it involved a trench under the gas turbine, large expansion joints, and long piping runs.
CONCLUSION
This paper has been written to provide a broad perspective of new gas turbine which is particularly suited for pipeline service. All of the aerodynamic and mechanical design features have been proved, giving assurance that this new turbine will prove to be a highly reliable and efficient prime mover. We feel that the MS-5002 is a new high power machine which heretofore was unavailable to the pipeline industry.
